If we eliminate w from (2. 12) we obtain (2. 13) Up to this point in [ l] all of our reasoning has been legitimate.
In [ l] we assumed that H was arbitrary. This is incorrect since, as we shall show in the following section, H(a., /3) must satisfy the quasilinear partial differential equation (3. 16).
ON THE DETERMINATION OF H(ct, {3).
Let us continue to assume that ~(p, ~) is a known solution of (2. 4) for a given A(p,~) f 0. Recall that by (2. 6), (2. 8), and (2.11) we have and for some H(ct, (3) and z(p, ~). Since ;p and ;~ are functionally independent by (2. 4), (3. 1) implicitly defines and (3. Since we have assumed that p and ~ are independent, then ct and (3 must also be independent. Now let us make the Legendre transformation defined by (3. 2) and
Then we must have
and now by {3o 5) and (3o 6) z {p, ~) = azo: + f3 z 13
Furthermore, by a well-known property of Legendre transformations By (3o 1) and (3o 6) we have
For a known ~{p, ~) let the pair H(a, {3), Z{o:, {3) be any solution of the system {3o 9)o Define p and ~by {3o 6) and z(p, ~)by (3o 7)o Then (3o 2) follows from the Legendre transformation (3o 6) and (3o 7)o Finally, (3o 9) and (3o 6) imply (3o l)o Thus (3o 1) and (3oZ) are equivalent to (3o 6) and {3o 9}o
If we eliminate H from {3o 9) we obtain {3o lQ} which is equivalent to
where the arguments of ~pp' ;pi/J , and ~1/11/1 have been replaced by the expressions (3. 6). 
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To determine ~ (p, 1/J), it would suffice to find z(p,I/J). But the latter can be defined by (3. 7).
Instead of eliminating H from (3. 9), let us solve for Z and If we replace the arguments of (pp' ;pi/J , and ;1/JI/J by the right members of (3. 14), (3. 16) becomes a quasi-linear partial differential equation for H(O', {3). All steps from (3. 14) to (3. 16) are reversible.
Hence, for any solution H of (3. 16) there exists a Z(a, {3) which satisfies (3. 14).
The problem of constructing a new solution ~ (p, 1/J) of (2. 4) from a previously determined solution ((p, 1/J) has been transformed into that of solving the quasi-linear equation (3. 16). For most equations of state (3. 16) will still be non-linear. Thus nothing has been gained unless we can at least guess some solutions H(a, {3). This will be done in Sections 4 and 5 for an important special class of flows.
In our discussion up to this point we have assumed ((p, 1/J) is known.
As a by-product we have discovered the parametric representation (3. l), (3.6) for t, u, p, 1/J in terms of suitable functions H(a,{3) and Z(a,{3). Thus, in the present case the pair H, Z must be a solution of the system (3. l7l , (3, l8l.
To complete our parametric representation note that by (2. 7l, (3. ll, and (3. 6l . 
where primes denote differentiation with respect to the appropriate argument, and by (2. 5)
By (2. 5) this choice of A 2 corresponds to Since (4. 6) is non-linear we cannot hope to find the general solution for arbitrary choices of K" and L". However, we can develop some particular solutions, as follows.
First, it will be convenient to make one of the transformations (4. 9) for + superscripts, and
for -superscripts.
In the sequel we shall assume that one of the pairs + + X , Y or X , Y is functionally independent. The exceptional case in which both pairs are functionally dependent will be discussed in Section 6.
For convenience we shall omit the superscripts hereafter.
It can easily be verified that dZ = PdX + QdY, so that and then (4. 13)
From (4. 9) to (4. 12) we obtain Eliminate HO'O' and H/Jfl from the latter of these equations and (4. 6) to find either
(1/J(P))Zyy = 0 (4. !4 +) for + superscripts, or
(1/J(Y))Zyy = 0 (4. 14 -)
SEPARABLE SOLUTIONS
Now let us try to find solutions of (4.14-) of the form
As we shall eventually discover, this will impose a strong, but acceptable, restriction on the permissible functional forms for
By (4. 7) and (4. 9) for -superscripts
Now (4. 14-) yields
Next, we may assume Q and X are independent. For, if they were not, then by (4. 12 -) and (2. 6) ~ and ;'" p p would be dependent. 
Differentiate the left-hand member of (5.6} with respect to X, and use (5, 2} to find
Thus (5. 3) and the outer members of ( 5, 7} yield whence CASE 1 : If c 1 = 1, then (5, 9) implies c2p K(p)=c 3 e +c 4 whence " 2 c2p
and then
Now ( 5, 5) yields
Then by ( 5, 'l ) and ( 5. 13) k and 1, must satisfy to form a product solution Z of (4. 14-) . Then (4. 12-) will * enable us to construct a ~ that differs from ~ in the following important respect. By (4. 1) ( 5. 14)
( 5. 15)
On the other hand, by (4. 12-) and (5. 2)
Since b¥ ( 
Now ( By the argument presented at the end of Case l, 1;1/Jp f 0 again.
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All of the discussion in this section has dealt with (4. 14-). A similar analysis of separable solutions could be developed for (4. 14+). All that we really require are the analogs of equations (5. 10), (5. 14), and ( This corresponds to a class of flows with straight particle paths on which the velocity is constant (though it varies from path to path). "---=L~ICN~K:__A:__ ""-
